The properties of the binary mixtures of 1-propanol and phenol have been studied at constant temperature 303K in dilute solutions of benzene using standard standing wave microwave 
Introduction
Dielectric relaxation studies of binary mixtures of polar liquids in microwave region provide useful information about self association of solute-solute interaction and solute-solvent type of molecular association [1] [2] [3] [4] [5] [6] [7] . Alcohols play an important role in many chemical reactions due to the ability to undergo self-association with manifold internal structure. The interaction study between associated liquid and non-associated in inert media gives valuable information about solute-solute and solute-solvent interaction [8] . 1-propanol is used as a safest antiseptic compound and is also used in the manufacture of insecticides. It is very effective against a broad spectrum of microorganisms including bacteria, fungi, and virus such as HIV, hepatitis-B etc. Dielectric relaxation studies on a variety of mixtures of hydrogen bonded liquids have been performed at microwave frequencies by various researches over a decade. Strong alcohols like 1-propanol and phenol are strongly associative in liquid state and undergo hydrogen bonding with binary solvents which have wider applications. The experimental work concerned with the dielectric relaxation process in the binary mixture of the above two compounds is carried out and molecular association in the different concentration of 1-propanol in the binary mixtures is tried to understand during present course of work.
Phenols are strongly associative in liquid state and undergo hydrogen bonding with many solvents Magee and Walker [9] investigated phenol in number of non polar solvents and found that even at the lowest concentration the relaxation time of alcohol is lengthened by intramolecular association due to either solutesolute or hydrogen bonding of phenol to the π electron cloud of solvent or both factors. During last several years, investigations of dielectric relaxation phenomena have provided an important approach to explore the structural behavior of complex organic polar molecules in non-polar solvents. To study the structural behavior of molecules, it is necessary to determine various dielectric parameters which are related with inter and intramolecular association and internal rotation with temperature variation. Recently, dielectric behavior of mixture of different industrial and biological useful polar solvent molecules under varying conditions of compositions has evoked. Considerable interest [10] [11] [12] because it helps in formulating adequate models of liquid relaxation and obtaining information about the relaxation process in a polar mixture. The relaxation studies of non-polar solvents provide valuable information about solute-solute and solute solvent interaction [13] [14] [15] . Several researchers have studied dilute solutions of non-polar solvents and observed interesting abrupt behavior due to formation of complexes in the mixture of polar molecules [16] [17] [18] . In the present investigation the dielectric properties of binary mixtures of 1-propanol and phenol at different concentrations and constant temperature 303k in dilute solutions of benzene have been carried out and results are reported.
II. Experimental Details
Benzene was dried by refluxing over freshly cut sodium metal for 6-8 hour and distilled through a long vertical fractioning column and middle fraction of the distilled benzene was used. 1-propanol used in these investigations where purchased AR grade from Merck India Ltd., AR grade phenol is used without further purification. The static permittivity (ε 0 ) is measured by using a Dipolemeter DM01 supplied by weissenchanijiftlich technische Werkatatter, Germany operated at frequency of 2MH Z The refractive indices of the solutions are obtained by abbe's refractometer which in turn give the optical permittivity [19] (ε ∞ =nD 2 ) and the results are obtained at a constant temperature 303K. The densities of the liquids and their mixtures were determined using a specific gravity bottle of capacity 5cm 3 . The viscosity of the solution at constant temperatures at 303K were measured with Oswald's viscometer. The X band and J band microwave was used to measure wavelength in the dielectric medium and voltage standing wave ratio (VSWR) using a short circuiting plunger. The setup was tuned at microwave frequency 9.4 GH Z , 7.4 GH Z.
The energy parameters for the binary mixture have been calculated from the knowledge of their dielectric parameters viz. static permittivity(  0 ), dielectric constant(   ), dielectric loss factor(  ) and optical permittivity(  ). From the experimental studies, it is found that the dielectric relaxation process depends on the solute-solute association. The excess parameter is evaluated by using Eyring rate equation at constant temperature 303K. For present investigation double minima method is used for determining the loss factor. The values of  and   according to this method are given by Where  c is the cut-off wave length,  0 the free space wave length,  d the wave length of the dielectric medium,  g is wave length in the empty wave guide,  inverse voltage standing wave ratio, n is the number of minima , X is the double minima width in the standing wave patterns. For dilute solutions in non-polar solvents , ,  0 , and   can be expressed as linear functions of concentrations [21] [22] .
Here subscript 1 refers to the pure solvent, 2 to the solute, 0 refers to the static (or) low frequency and  refers optical frequency. W 2 is the weight fraction of the solute. The Higasi's [23] parameters a, a, a 0 , a  are the slopes of the above mentioned equations. From the Higasi's parameters dielectric relaxation time() is evaluated.
The values of the dipole moment () of the solute molecules for all the binary mixtures are calculated by using Higasi's method.
III. Result and Discussion
The dielectric parameters static dielectric constant(ε 0 ), dielectric constant at infinite frequency(ε ∞ ), molar polarizability(P), dipole moment(μ) [20] and physical parameters viscosity, density of the binary systems are presented in Table-1 & Table- 2 of the 1-proponal and phenol with benzene respectively. The Fig-2 shows the increase of static dielectric constant with mole fractions of both the binary systems. The dielectric constant, dielectric loss and average relaxation time for different mole fractions of binary mixtures 1-propanol and phenol in dilute solution with benzene for different weight fractions are determined and presented in Table-3 & Table-4 respectively. Both the values of ε′ and ε′′ vary linearly with weight fractions of solute in benzene at constant temperature 303K. Fig-1 shows the average relaxation time increases with increase in the mole fractions of the binary mixtures. This may possibly be due to increase in the molar volume. The increase in the values of various relaxation times (τ 1, τ 2 and τ 0 ) with the concentration of 1-propanol may provide useful indicators for absorption of drugs dissolved in 1-propanol. Since the differences between τ 1 and τ 2 are significant at all mole fractions, we may expect more than one mechanism in these mixtures. This implies that the dielectric absorption by its molecules is not solely contributed by their rotation as a single unit, but also contains contribution from the intramolecular rotations i.e., it indicates, the existence of an intramolecular relaxation process in addition to the over all relaxation process. From these observations, it may be concluded, that in these mixtures, the intramolecular rotations are dominant as compared to the individual molecular rotations. The average relaxation time (τ 0 ) is found increased because the mole fraction of 1-propanol in the binary mixture is increased with increase of relaxation time may be attributed to the increase in effective radius of the rotating unit. In the binary mixture of 1-propanol and phenol, the CH 3 group is attached to the same carbon atom to which the OH groups is attached, this increases the overall size of the molecule and may cause hindrance to the group rotation which may give rise to increases the relaxation time [24] [25] .
The dipole moment of mixture increases as the mole fraction of 1-proponol in binary mixtures increases Table- 1. This is due to shifting of charge centers in the dilute solutions. It may also be realized that increased solute-solute interaction leads to the increase in contribution, because the number of relaxing hydroxyl groups decreases due to association. Probably this effect is partially responsible for the corresponding increases show by the apparent dipole moment. From the measurement of free energy of activation for dielectric relaxation ΔFτ for all system, the ΔFτ is less than excess viscosity η E , since relaxation time involves rotational motion where as the viscosity involves both rotational and translational motion. 
